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SIDE-BLOHN BESSEMER PROCESS IN THE PEOPLE'S REPUBLLC OF CHINA

Stal', No 12 » Acadeﬁician I. P, Bardin
Moacow, Dec 55

K

Metallurgists in the People's Republic of China are showing particular in-
terest ip the side-blown bessemer process for producing steel for rolling, while
in Soviet and world practice, side-blown converters, especially wit“ rasic line-
ing, are used primarily for producing steel castings.

) Chinese metallurglsts are presently producing ncarly 156 of all steel in
side-blown converters, and principally in the following plants, inspected by me:

Plant " Tyan'-Shan [sic; probably
' ‘ the steelworks at T'ange
Shanghai Ta-yeh shan, Hopeh Province )
" No of converters 5 2 6
Capacity (in tons) 3.8 1.5 6
Lining . Acid Aeid Basic

Annual productivity
) (in 1,000 toms) 100 50 : 200

Moreover, there are side~blown converters ai plants in Chungking, where, ap-
parently, about 100,00 4ons of steel are produced annually.

. 'The use. of side~blown converters in China began during the Japanese océupation
but reached maximum development in the People's Republic .of Chins; moreover, the
principal reasons for this development of small bessemerizing were insufficient

scrap for organizing open-hearth production; independence of the blast-Turnace shops;
possibility of using up to 20% scrap in cupola furnaces; and presence of a certain
reserve of ore for producing low-phosphorus cast iron. - .

At present, the use of side blowing, even in basic conierters, is now being
made; this permits the use of common open-hearth piguiron, vhich is cheaper and less
deficient then the bessemer iron.

A. Steel Smelting Shop With Side-Blown Converters

The isyouts of converter shops in the plants ;nspected were completely iden-
tical: all the technological and auxiliary equipment areas were situated parallel
to the longitudiral axis of the main building {See Figures 1, 2, and 3).

Two or four cupola furnaces, depending on coanverter cepacity, :re lozated along
the side of the shop building; the charging yard is situatied in parallel. Skip
hoists are used to load the cupola furnaces, The steel smelving shop buiiding is 25
meters wide and is of various lengths, depending on the productivity. - :

Converters, with their firing chambers along the walls, are placed orn the same
line withf;he cupola furnace_forehearths, which are situated inside the building.

S
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- Tapping is done in the pit, since the axes of rotation of the converters.
are at approximately floor level. [Ladles for the converter steel and the cupola
furnaces pig iron are installed in the pits. The shop bridge cranes have a 1ift-
ing capacity of 20-25 tong; the medium cranes are used for charging the plg iron
and other operations, while the extreme cranes are used for positioning molds,
pouring stcel, and removing ingots.

. In each of the pouring runners (in the Tyan'~Shan plant there are nine of -
_ them) there is vne group of 50-£0 molds 1,300 mm high and with & cross section
of 100 by 100 mm {ingot weight is S0 kg). Between the runners are placed plat-
forms for the cleaning and lubrication of the molds, while between two groups
of converters, there is a platform for packing the converters, and stand for
pneumatic tamping of tha lining (in the Shanghai plant) or for producing linings
{in the piants in Te-yeh and Tyan‘=Shan), and a reserve supply of refractory
materials. A gseparate deperiment is also set aside for the repair and drying

of lsdles and stoppers. :

B. Smelting Pig Iron in Cupols Furnaces

: -Pilg iron and scrap, previously prepared in relation to size, are chargéd i
into cupola furnaces; the coke used is compasratively coarse, and the limestone

is sirted.

. For converters with acid linings, low-phosphorus piy iron containing 1.43 -
0.73% Si, 0.95 ~ 0.80% Mn, 0.089 - 0.053% 5 and 0.0 P, is produced in cupola
furnaces. : . . W

-For converters with basic lining, pig iron containing 4% C, 0.92 < 1.15%
S4, 1.7 - 26 Mn, 0.05% S and 0.3% P is smelted. ,

- Cupola furnaces with a productivity of 8 tons per hour are placed in pairs
so that two units may be used for one forehearth. \
. The pig iron poured into the converters has a temperature no higher than
- 1,3009, which leads to a grext loss of metal in the gonverter, especially in
-rainy weather. The low temperature of the charged pig iron decreases the output
of metal chiefly in the basic converters of the Tyan'-Shan plsnt, wherz the rel- -
ative humidity of the air reaches 90%. A high number of rejects is caused not
~only by great loss, but also by short-run castings snd slag inclusions.

C. Converter Reduction

Converters have varieble capacity, from 1.5 to 6 tons. The retort chanber
of one of the ronverters is shown in Figure 4. Their axes of rotation are 0.5 m

“higher than th¢ shop floor level.

Air compressors for the converters and ventilators for the cupola furnaces
- are located in a special building (See Figure l);. the air compressors have & pro-
ductivity of 300 m° per minute at a pressure of 350 mm Hg and thé.ventilators, of .
145 m3 per minute at & pressure of 250 mm Hg (data of the Tyan'-Shan plant).

l. Blow Process

: The blow of converters with an gcid lining is no different from the usual,
although comparatively "cold" chemical pig irons (1.0 1o 1.2% 5i) are used. This
is because during the continucus operation of the converters, the loss of heat by
radiation is diminished, which makes it possible to use Pig iron with a compara-
tively lower silicon content. R :
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The operation of basic converters, however, has essential -peculiasrities.

&

If in the e&cid process, the duratiow of the blow does not exceed 15 to
20 min, then the basic converter is under blow for not less than 20 min, plus the
time for two stops for delivery of clinkers and fluorspar and fTor drawing off slag
(See Figure 5). The total duration of the basic process is 30 to 35 min, which
is due tc the small specific volume of the conVerter {0.6m3 per ton), the low
initial temperature of the pig iron {not over 1,300°), and the significant total
hydrogen, silicon, and manganese content; it is necassary to keep the blow in
check because of ejections, as well as during the charging of lime and the draw-
ing off of slag.

Owing to these reasons, the stability of the converter lining {partic-
wlarly the basic linings) is very low, only from 30 to G5 heats. Therefore, for
every converter in operation, there has to be one converter in the process of
drying and two in the process of relining.
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Figure 1. Location of Equipment in a Steel Smelting
Converter Shop With e Casting Machine (cross-sections AA and
66 - in Figures 2 and 3) a - cupola furnaces; 8 - converters; A\
@ - department for drying ladles and packing converters; 2 -
depurtment for clecaning nolds (to the left-pouring runners);

o - compressor and ventllator; € - casting platform; :
W - 50 ton ladle; 3 - reserve cacting box; u - axis \
A . Y/ l\q/ N>
I : ]

af the left crystallizer of the casting machine;
v - 1d, right -3 A - cordenser; M - pusher; _GEE
H - ingot cutter; ¢ -~ roller conveyer; apd p - > .
dragging devices for removing ingots.

|

Figure 2. Cupola Furnace Installation Figure 3. Converter
Installation (sce Figure 1,

(sce crosc-section AA Figure 1) e
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General Design
of the Retort
Chamber of a
Converter
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Figure 5. Change of Blow Volume {a) and Pressure (b)
During the Blow Process: A - introduction of 2 kg/ on lime,
6 kg/ton clinkers, 1 kg‘/tpn fluorspar; B - id, L0 kgs/ton lame,
10 kg/ton clinkers, 2 kg/ton fluorspar; £ - end ol blowing.
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: The strong pitting of the linin; lerds ro tre contasination of tha
metal with slag inclusions. :

The struggle against thes. dif{ culi~in: is Lampered by condiiions which
are present in the People's Republic of Chinai the Pessemer stops are forced to boost
production at the expense of overlosding the converters and cupola furnaces, which
leads to & decline in output of tnp-grads me'vlu and an increase in contamination
(the consumption of pig iron per one t2n -~ sle-l constitutes 1.3 tons).

Z., Steel Pouring
Smeltings are ended with a carten coptent of C.0O or 0.106. Prior to

tapping into the ledle reducers are adde.  ferromanganese, ferrosilicon and
2 kg alusiimew (2 kg aluminum are added also o .o converter before tapping).

(RYY l..-.)-b\‘n' “\v"“‘

ey

Figure 6, Shrinkage Flaws 'n an Tns.y of Toaverter Mebai

After the deoxidavion of ti~ ... . ladle is placed bv a crane over
the cammon central master mold of - ciuee the firve-clay sleeve of the
ladle nas a 45mm diameier o' 1ot H ooy cosloare pou:ed in 2 mir time; as

1', the extraction, pouring,
az takes cndy 12 min.

a8 result of the ledle .¢ing placea o+ - & =
end the release of the pit for the (a1 o

When pcuring a group of 3
After pouring, ladles, as 8 ruic,
always fill all the molds. Wizth an

Ll greatest risk is & cold heat.
s72il, but the metal still does not
“he weight of the ingots, for ex-

ample up to 200 kg, it might be possivie ;"‘E,r*:‘-.cmt,l, to simpiify the operation
of the steel melting shor, but this iz pucws © hy tle chyaracteristics cf the
existing rolling mills, «hich ars alzeost conpletsiy manually operated.
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Figure 7. Slag Inclusions in &n Ingot

Under these conditions, rimred steel, in gener&l, cannot be poured: .with
a full stream, it vigorously rises in" the molds, and. by intermittant opening of
the stopper, it freezes. A change to & l%"ger ingot would permit ‘the succebsful
* handling of rimmed steel. However, ingous of killed steel under the pouring con-
ditions described suffer large shrinksge and an increased numbpr of slag inclu— ’

sions (see Figures 6 and 7).

In spite of the pouring speed; it is the bottleneck in the process. Re=
lining of the converters, which is performed around the clock, is the second bot-
tleneck hindering production. For exsmple, in the Tyan'-Shan plant, in the course
of a day, two converters with a capacity up to 6 tons have to be lined, in Shaughai
plant No I, one converter has to'be lined per shift.

Both of these operations greatly hamper the production of a sound ingot: .
due to the low stability of the lining, the metal becomes contaminated with slag
inclusions, and because of the high temperature of pouring, a deformed ingot suf-
fers deep shrinkage ravities.

D. Characteristics of the Basic Shop

Formerly all converters of the People's Republic of Chin& operated on acid
lining; but in 1952, in the Tyan'~Shan plant, all converters were changed over

to basic lining.

Materisls for the lining of the converters of the Tyen'«-Shan plant are pree
pared at the shop itself in a speciel dbuilding: shaped lining blocks are stamped
from & mixture of dolomite and magnesite with pitch, which are then set in place
in the converter shell, dried and hezted with a8 blast to the imner surface tem-
perature of 800% to 1,000°. And the other piants are beginning to follow this

example.
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The Tyan'-Shan plant, which was founde? in 1943 and vhich ves opcrated up
to 1945 by a Japanese textile company, vas formerly equipped with two electric
furnaces and a U4-ton acid converter with two cupola furnaces of 3 tons each.
After the Japanege capitulation, as was the case during the Japsnese occupation,
the Kuomintang output of metal remsined insignificant., With the formation of
the People's Republic of China, the duplex process was organized in the plant:
an acid converter and an electric furisce., Later, the electri: furrace was trans-
ferred to another piant, and in place of it, & converter was tuiit., At present,
the shop 15 comprised of six converters of & tons each and four d-ton cupola fur-
naces with a general output up to lo tons per hour. The producstivity of the shop
has growa in the following manner {thousands of tcns):

1052 1953 1954 1355 (Plan)
24 83 k2 260

Pig iron, mostly with a high mangunese content, coke, and lime serve as basic
matcrials for the sm=lting. The steel yield from pig ircn does not excesd 75$
vhich is expleained by the low temperature of the cupols cast iron, its high man-
ganese content, and the losses during pouring.

With a converter capacity of 3.53 m3, the meit weight, of the liquid pig
iron is 6-8 tons, Owing to the insufficient lifting pover of the crane, the lin-
ing of the couverter (magnesite and dolomite) has to be mede very thin; therefore,
the stability of the lining is low. Moreover, the low capacity cf the converter
and the thin lining aid in chilling the metal.

For reducing the ejection of the metal, the first stage blowing is conducted
with & semisubmerged rov of tuyeres.

The converter shop has apparently cutgrown its basic pararcters: increases
in production are attained by reducing the economic end qualitative indices, for
the improvement of which & change in shage end size of the ingot Is necessary.

In connection with the rapid blowing process, the soaking of the steel be-
fore pouring constitutes only 3<3.5 min. The deoxidizing process should be cone
sidered as being unsatisfactory; a complex doexidizer is nct used. Ferromanganese,
ferrosilicon, and aluminum are fed directly fato the ladle {i{a particular, alumi-
num -- 0.4 kg per ton). With & N content of 0.003 to 0.009 (sometimes 0.00%;
more often, 0.011%), steel contains a great deal of oxygen, 0.00-0,09%, owing to
the lov carbon :content at the end of the blowing. .

The shrinkage cavities in the ingots are very large, which is due to beottom
pouring and ingot deformity (100 by 100 by 1,400 mm).

E. Bagic Characterisifcs of the Process

The basic stages of the process in a side-blown converter sre:

l. Immediate formation of a layer of metal oxides, principally iron oxides
and a certain amount of silicon and mangsnese oxides, at the surface of liquid
cast iron at the beginning of the blowing.

2. Subsequent oxidation of manganese and s1licon in the metal covered by a
layer of slag due to the oxygen in the lron oxlde and not to the oxygen blast (as
in a converter with bottom blowing); during this, the temperature of the metal
quickly rises, owing to the Leat generation by exothermic reactions. If this heat
i3 not sufficient, on addition of ferrosilicon is necessary (the more the addition,
the less carbon in the cast iron).

-8 .
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3. As the temperature of the bath is increased %o 1,4509, rapid oxidation
of the carbon into carbon monoxide begins, at the expense of the oxygen in the
iron oxide, and later, due to the oxygen blast, changes to carbon dioxide.

The next distirction of the side-blowing process from ordinary Bessemer-
ization with bottom blowing is the considerably greater heat generation, in the
former from carbon oxidation, mostly into carbon dioxide,

As is known, it is possible to divide metal losses during blowing into
cheaical and mechanical. The chemical losses -- oxidation of iren, silicon, mane
ganese, and carbon ~- may be decreased by means of appropriate selection of cast
iron composition; during prolonged blowing, they are greater than during short
blowing. Iron losses depend on the composition and amount of slag. The duratioa
of blowing depends cn the content of elements in the cast iron requiring oxidation.
Mechanical losses are proportional to the length of blowing and blowing intensity.

With & high iron oxide content, to insure slag equilibrium, a corresponding
amount of silica from the lining is required. The shorter the blowing period,
the better the lining is preserved.

There is a constant relationship between the carbon content of the caszt iron
and the temperature difference of the cast iron and the smelted steel. This re-
lationship permits the fixing of the optimum carbon and silicon content in the
cast iron and its initial temperature during charging intc the converter Tor the
production of high quality steel. The higher the initial temperature of the cast
iron, the less the temperature difference; the smaller this difference, the less
chemicel energy the charged cast irorn can have,

The relaticnship of the last two values shiould be more or less consiant.
According to data of the Iron and Steel Institute (published in "Report of the
Bessemer Process'), for side blown acid converters, the temperature difference
between the charged pig iron and resultant steel should be apn average of
350°-hOO°, while the chemical Leat of the exothermic reactions should correspond
to an equivalent carbon content of 4.2 1w L.%% (relationship of the values,is

83-89).

In the side-blown converter prccess, both acid and basic, as usad in the
Peoplc's Republic of China, it is expedient to attempt to increase tne tempera-
ture of the charged pig iroa, and, conseguently, the smelted steel {these ‘n-
dices are interrelated)}. The use of chemically hotter pig irovs will resul: in
an increase of waste and reduced output of metal.

Enrichment of .e cupola furnace and converter blasts with oxygen should
be acczpted as the most rational method of increasing the temperature »f metal.
With an oxygen consumption of un to 25 o3 per too of pig iron, it is possible to
obtain a good yield of high-quality metal.

The substitution of air blcwing in the converter with commercially pure
oxygen (from abeve) at a pressure of about 10 atm through a water cooled tuyere
gives even better results., In this case, the oxygen consumption is 60 ‘o T0 m
per ton cf steel.

F. General State of Steel Smelting Shops With Side-Blown Coaverters

In cpite of the crowded conditions in the shops, the operation of the con-
verters is vell organized. All operations in cupola furnace and coaverter smelt-
ing, in the preparation and arrangement of runners, ladles, etc., are carried
out preclsely, quickly, and with unifore heating; in the shops, cleunliness is
majintained.
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To liquidate the production bottleneck «- pouring the steel inwo the rune
ners -~ it is apparently necessary to change to mechanical pow ing, using an
inclined (shown in the schematic of the rignt half of the shop in Figure 1) or
vertical nggregate. In btoth cases, the operation of the shop would be simpli-
flied, while the qualily of the metal and cutput per annum would be increased by
not less than 10%.

Conclusions

"Little Bessemerizing,"” which has developed im the People's Republic of
China, has prospects of further development and improvement {f oxygen is used.
To do this, the modernization of existing plants is the first thing to be done.

in the newly constructed plants in the People's Republic of Chins, in con-
Junction with the lack of domestic scrap, it {s necessary to us¢ Bessemer con-

version with oxygen blowing in large volume ccnverters, in boti the simplex
process, &s well as in the duplex process.

- 19 -
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